Epidemiologic studies have reported an inverse association between dairy product consumption and cardiometabolic risk factors in adults, but this relation is relatively unexplored in adolescents. We hypothesized that a higher dairy product intake is associated with lower cardiometabolic risk factor clustering in adolescents. To test this hypothesis, a cross-sectional study was conducted with 494 adolescents aged 15 to 18 years from the Azorean Archipelago, Portugal. We measured fasting glucose, insulin, total cholesterol, high-density lipoprotein cholesterol, triglycerides, systolic blood pressure, body fat, and cardiorespiratory fitness. We also calculated homeostatic model assessment and total cholesterol/high-density lipoprotein cholesterol ratio. For each one of these variables, a z score was computed using age and sex. A cardiometabolic risk score (CMRS) was constructed by summing up the z scores of all individual risk factors. High risk was considered to exist when an individual had at least 1 SD from this score. Diet was evaluated using a food frequency questionnaire, and the intake of total dairy (included milk, yogurt, and cheese), milk, yogurt, and cheese was categorized as low (equal to or below the median of the total sample) or "appropriate" (above the median of the total sample).The association between dairy product intake and CMRS was evaluated using separate logistic regression, and the results were adjusted for confounders. Adolescents with high milk intake had lower CMRS, compared with those with low intake (10.6% vs 18.1%, P = .018). Adolescents with appropriate milk intake were less likely to have high CMRS than those with low milk intake (odds ratio, 0.531; 95% confidence interval, 0.302-0.931). No association was found between CMRS and total dairy, yogurt, and cheese intake. Only milk intake seems to be inversely related to CMRS in adolescents. 
Introduction
Cardiometabolic risk is characterized by a cluster of risk factors that includes obesity, abnormal glucose homeostasis, dyslipidemia, and hypertension [1] and [2] . In adults, the positive association between the clustering of cardiometabolic risk factors and cardiovascular disease and type 2 diabetes is clearly established, and a similar relationship has been described in children and adolescents [3] and [4] .
Furthermore, it has been described that the clustering of cardiometabolic risk factors is a better measure of cardiovascular health in children than single-risk factors [5] .
Irrespective of the impact of genetic factors, such modifiable lifestyle elements as dietary intake are generally considered to contribute to both the development and subsequent course of cardiometabolic risk [6] . In this context, scientific investigation has focused on understanding the role of diet in the development of cardiometabolic risk. It has been proposed that the intake of dairy products protects against cardiometabolic risk or several of its risk factors [1] , [7] and [8] . Evidence, mostly in adults, has indicated that increased dairy intake may decrease the risk of high blood pressure (BP) [8] and [9] , central obesity [10] and [11] , and hyperinsulinemia [12] . It has been established that such dairy components as calcium, medium-chain fatty acids, and bioactive peptides may play an important role in the prevention of cardiometabolic risk and its complications via the exertion of mechanisms that include the satiety response and the regulation of insulinemia levels and BP [13] .
Although evidence points out that dairy intake may help guard against cardiometabolic risk, gaps remain in the literature on the relationship between dairy intake and cardiometabolic risk in the adolescent population. However, previous studies have shown inverse associations between milk or dairy product intake and selected cardiometabolic risk factors [11] , [14] , [15] and [16] . In addition, questions remain as to whether different types of dairy products exert distinct effects against cardiometabolic risk. Hence, we have hypothesized that a higher dairy product intake is associated with lower cardiometabolic risk factors clustering in adolescents. In addition, the aim of this study was to identify the association between dairy product intake and the clustering of cardiometabolic risk factors in a sample of Portuguese adolescents.
Methods and materials

Sampling
Data for the present cross-sectional study came from a 2008 longitudinal school-based study-The Azorean Physical Activity and Health Study II-which aimed to evaluate physical activity, physical fitness, overweight/obesity prevalence, dietary intake, health-related quality of life, and other factors in 15-to 18-year-old adolescents. This study was conducted in 6 of the 9 Azorean Islands (S. Miguel, Terceira, Faial, Pico, S. Jorge, and Graciosa), where 95% of the Azorean population lives [17] .
All participants in this study were informed of its goals, and the parent or guardian of each participant provided written informed consent for his/her child to participate. The study was approved by the Faculty of Sport, University of Porto, and the Portuguese Foundation for Science and Technology Ethics Committee; it was conducted in accordance with the World Medical Association's Helsinki Declaration for Human Studies.
The population was selected by means of a proportionate-stratified random sampling, taking into account the location (island) and the number of students, by age and sex, in each school. Baseline data were collected for 1515 adolescents in the fall of 2008, and 850 subjects were reevaluated 1 year later (mean ± SD followup length, 11.5 ± 2.0 months). In view of the fact that blood samples were only taken in 2009, we just considered data from that year in this study. Of the 850 adolescents who participated in the 2009 data collection, 297 refused to undergo blood sampling, 36 were excluded because of lack of information on several variables, and 23 were excluded because of lack of information on dietary intake. Therefore, the final sample included in our cross-sectional analysis comprised 494 adolescents (208 boys). The subjects who were excluded from this study did not significantly differ from those who were included, with regard to age, parental education, and sex (data not shown). Finally, the sample was weighted in accordance with the distribution of the Azorean population in schools and so as to guarantee the real representativeness of each group (by age and sex).
Anthropometric measures
Body height and weight were determined using standard anthropometric methods [18] . Height was measured to the nearest millimeters in bare or stocking feet, with adolescents standing upright against a Holtain portable stadiometer (Crymych, Pembrokeshire, UK); weight was measured to the nearest 0.10 kg, with participants lightly dressed (underwear and t-shirt) and with the use of a portable digital beam scale (Tanita Inner Scan BC 532, Tokyo, Japan).
Body mass index (BMI) was calculated using the ratio of weight/height 2 (in kilograms per meter squared).
Subjects were classified as normal weight, overweight, or obese, according to age-and sex-specific cutoff points that were specified by the International Obesity Task Force [19] and [20] . Underweight subjects (3.2%) were combined with subjects in the normal-weight category, owing to the fact that they represented a small proportion of the sample. Percentage body fat was assessed using bioelectric impedance analysis (Tanita Inner Scan BC 532).
Waist circumference measurements were taken midway between the 10th rib and the iliac crest and recorded to 0.1 cm. A nonelastic flexible tape measure was used, with subjects standing erect-arms by sides, feet together, and abdomen relaxed-as well as without clothing covering the waist area.
Blood pressure
Blood pressure was measured using Dynamap vital signs monitors, model BP 8800 (Critikon, Inc, Tampa, FL, USA). Measurements were taken by trained nurses, and all adolescents were required to sit and rest for at least 5 minutes before BP measurement. Participants were in a seated, relaxed position, with their feet resting flat on the ground. Two measurements were taken in the right arm, after a 5-and 10-minute rest.
The mean of these 2 measurements was considered, but if the 2 measurements differed by 5 mm Hg or more, a third measure was taken. 
Blood sampling
Pubertal stage
To determine pubertal stage (which ranged from 1 to 5), each subject was asked to self-assess his/her development stage of secondary sex characteristics. Breast development in girls and genital development in boys were evaluated according to criteria outlined by Tanner and Whitehouse [22] .
Sociodemographic and lifestyle variables
Adolescents answered a questionnaire that assessed several sociodemographic and lifestyle variables.
Parental education
For the present study, the highest level of parental education (measured by number of school years completed) was used as a proxy measure of socioeconomic status (SES). Participants were divided into 3 categories, reflecting divisions within the Portuguese educational system: mandatory or less (≤9 school years), secondary (10-12 school years), and college/university (>12 school years).
Dietary intake
Dietary intake was completed by adolescents and measured via a semiquantitative food frequency questionnaire (FFQ), validated for the Portuguese adults [23] . This semiquantitative FFQ was designed in accordance with criteria laid out by Willett [24] and adapted to include a variety of typical Portuguese food items. The FFQ was adapted for adolescents by including foods more frequently eaten by this age group [25] ; the adolescent version covered the previous 12 months and comprised 91 food items or beverage categories. For each item, the questionnaire offered 9 frequency response options, ranging from "never" to "six or more times per day," and standard portion size and seasonality. Any foods not listed in the questionnaire could be listed by participants in a free-response section. Energy and nutritional intake were estimated with consideration of the respondents' ratings of frequency, portion, and seasonality of each item, using the software Food Processor Plus (ESHA Research Inc, Salem, OR, US). This program uses nutritional information from the United States that has been adapted for use with typical Portuguese foods and beverages. To verify the interitem consistency, the Cronbach α test was applied to the dimensions of the FFQ, and the score obtained (α = .892) was high, which indicated a good internal consistency.
For the present study, the "milk" group only included milk (whole, reduced-fat, and fat-free milk), the "yogurt" group included all types of yogurt, the "cheese" group included cottage and cream cheese, and the "total dairy" group included milk, yogurt, and cheese. Participants were divided into 2 categories, according to the amount of each food group consumed: one corresponding to an intake lower than or equal to the median amount of the total sample (low intake) and the other corresponding to an intake higher than the median amount of the total sample ("appropriate" intake).
Cardiorespiratory fitness
Cardiorespiratory fitness (CRF) was measured using the 20-m Shuttle-Run-Test, as previously described by Léger et al [26] . This test requires participants to run back and forth between 2 lines set 20 m apart. Adolescents were then classified into 2 groups, according to FITNESSGRAM-established age-and sexspecific cutoff points, as belonging to the healthy zone ("fit") or the unhealthy zone ("unfit") [27] and [28] .
Cardiometabolic risk score
In this study, we computed a continuous cardiometabolic risk score (CMRS), according to Andersen et al [29] , from the following measurements: TC/HDL-c ratio, TG, HOMA, systolic BP, percentage body fat, and CRF. For each one of these variables, age-and sex-adjusted z scores were computed. The CMRS was constructed by summing the z scores of all risk factors. Individuals with at least 1 SD were considered to be at high risk for cardiometabolic disease. As some authors suggested [29] , the estimation of a CMRS that is based on the sum of age-and sex-adjusted z scores for several metabolic risk factors constitutes a valid tool to use in the identification of children and adolescents at risk for developing cardiovascular disease and type 2 diabetes [30] and [31] . Indeed, the employment of such a score permits summation of all risk factors for an individual, creating an overall score that encompasses that person's cumulative risk and, at the same time and to some extent, accounts for the influence of growth and maturation on cardiovascular risk factors [30] . The CMRS computed for the purposes of this study only applies to this study population.
A similar z score approach was used previously in children and adolescents [31] and [32] .
Statistical analyses
The Kolmogorov-Smirnov test was used to assess the assumption of normality. Weight, systolic BP, HDLc, and TC/HDL-c ratio were logarithmically transformed to improve normality. An independent sample t test or Mann-Whitney U test was performed to compare continuous variables between CMRS groups, and the χ 2 test was used with categorical variables. In this report, descriptive analysis is presented in terms of means and SDs, unless otherwise stated.
Separate multivariate logistic regression models were constructed to verify the relationship between high CMRS and dairy products intake, adjusting for parental education (reference-mandatory or less), pubertal stage, total energy intake (in kilocalories), protein intake (in percent of energy), total fat intake (in percent of energy), and dietary fiber (in grams per 1000 kcal). Dietary variables were entered as continuous variables. Furthermore, we adjusted the logistical model by underreporting energy intake, which was estimated using the ratio between reported energy intake and predicted basal metabolic rate [33] and [34] .
The thresholds that defined low-energy reporters (underreporters) were 1.70 and 1.71 for girls and boys between 15 and 17 years old and 1.67 and 1.81 for girls and boys aged 18 years. "Low-energy reporter" (a categorical variable) was included in the model as a confounding factor.
Odds ratios (ORs) and 95% confidence intervals (CIs) were computed for the appropriate dairy product intake categories. A P value less than .05 was regarded as significant. All analyses were performed using PASW Statistic v.20 (SPSS, Chicago, IL, USA).
Results
The median amount of the total sample for total dairy, milk, yogurt, and cheese intake was 483. 25 Descriptive characteristics of the study sample within the context of dairy product intake are shown in Table 1 . Adolescents with appropriate total dairy and milk intake had a higher proportion of parents with higher education level (P = .002, for both). Higher TG concentrations were seen in adolescents with appropriate cheese intake compared with those with low cheese intake (63.5 [36.0] mg/dL vs 60.0 [36.0] mg/dL, respectively). The higher proportion of unfit adolescents was seen in the low total dairy and milk intake group (P < .05, for both). In this study, all adolescents reported to be in Tanner 4 (67.4%) or 5 (32.6%; data not shown in Table 1 ).
The energy intakes and dietary characteristics of the study sample, according to dairy product intake, are presented in Table 2 . Adolescents with appropriate dairy product intake (total, milk, yogurt, and cheese) had higher total energy intake than did adolescents with low dairy product intake (P < .001, for all). Higher protein intake was seen in adolescents with appropriate total dairy and milk intake (P < .001, for all). Adolescents with appropriate yogurt intake had higher carbohydrate and dietary fiber intake and lower total fat intake compared with adolescents with low yogurt intake (P < .05, for all). However, adolescents with appropriate cheese intake had lower carbohydrate and higher total fat intake than did adolescents with low cheese intake (P < .05, for all).
As indicated in Fig., adolescents with appropriate milk intake had lower CMRS than did adolescents with low milk intake (10.6% vs 18.1%, P = .026). There was no significant difference between these groups regarding total dairy (11.3% vs 17.4%, P = .054), yogurt (14.4% vs 14.3%, P = .974), and cheese intake (16.2% vs 13.5%, P = .416).
The results of separate multivariate logistic regression analysis, predicting high CMRS from dairy product intake, are shown in Table 3 . After adjusting for demographic and dietary variables, adolescents with appropriate milk intake were less likely to have high CMRS than those with low milk intake (OR, 0.531; 95% CI, 0.302-0.931). To control the possible confounding of yogurt and cheese intake, we performed an additional milk multivariate model analysis where we adjusted for these 2 variables, and similar results were observed (OR, 0.506; 95% CI, 0.287-0.894).
Discussion
The present study explored the association between dairy product intake and the clustering of cardiometabolic risk factors in adolescents. The results indicated that adolescents holding higher milk intake were less likely to have high CMRS than those who had lower milk intake. This association was not confounded by other lifestyle factors or nutritional variables because it remained significant after adjustment.
Previous cross-sectional [11] and [14] and prospective [15] and [16] studies show an inverse relationship between milk or dairy product intake and cardiometabolic risk factors, in children and adolescents. It seems that milk and/or dairy product intake reduces the risk of central obesity [11] and [14] , high BP [15] and [16] , and insulin resistance [14] . However, studies examining the association between dairy product intake and clustering of cardiometabolic risk factors are limited in the pediatric population. Kelishadi et al, [35] in an Iranian youth cross-sectional study, found that an age-adjusted OR for having cardiometabolic disease (the metabolic syndrome [MetS]) lowered significantly as dairy consumption (milk, yogurt, and cheese) increased in frequency. However, in their analysis, this association was not explored with different types of dairy products, as were the associations in our study.
A number of observational studies have examined the association between dairy product intake and cardiometabolic risk among adults. Azadbakht et al [1] showed that subjects in the highest quartile of dairy consumption (milk, yogurt, cheese, and milk-based-desserts) had lower odds of having enlarged waist circumference, hypertension, and MetS. Likewise, in the Coronary Artery Risk Development in Young Adults study, Pereira et al [8] found that among individuals (aged 18-30 years) who were overweight at baseline, dairy consumption was inversely associated with the incidence of obesity, abnormal glucose homeostasis, dyslipidemia, and hypertension over the next 10 years. In contrast, findings from the Hoorn cohort found that higher dairy product intake was significantly associated with higher fasting glucose concentrations and lower diastolic BP, but not with body weight or other metabolic variables (ie, lipids, postload glucose, or insulin [36] . In the latter study, when different dairy products were distinguished, significant inverse associations were observed for dairy desserts, milk, and yogurt with systolic and diastolic BP, whereas cheese consumption was positively associated with BMI. Likewise, in our study, when all types of dairy products were pooled together, no significant association was found with CMRS.
Thus, the findings of this study also reveal the need to disaggregate dairy products in analyses that explore the relationship of these variables with cardiometabolic outcomes. Given that dairy processing generates a variety of biochemical changes to milk composition, including the loss of more labile constituents (eg, vitamin C and enzymes), the removal of bioactive components (eg, whey removal from cheese), and/or the addition of ingredients (eg, the addition of sugar to yogurt and salt to cheese) [37] . Thus, the use of total dairy intake may not reveal the underlying relationships between milk and cardiometabolic risk in adolescents. Furthermore, the lack of association observed between CMRS and cheese may be, in part, explained by the higher fat, sodium, and lower potassium held by cheese compared with milk and other fluid dairy food [38] . On the other hand, the preponderance of evidence, mostly in adults, indicates that milk intake is more likely to be associated with beneficial cardiometabolic outcomes [13] , [39] , [40] and [41] . Few studies have shown the beneficial effects of other dairy products [10] , [36] and [42] .
Despite the existence of discrepancies, most epidemiologic studies do suggest that dairy products may play a role in the prevention of cardiometabolic risk factors [7] . However, it is unclear which dairy product components may explain their preventive effects, and the mechanisms behind these effects are not well understood. Current evidence indicates that the beneficial effects of dairy products may be attributable to milk fat, calcium, magnesium, potassium, bioactive peptides, or the combination of these, as part of the unique nutrient package that dairy provides [43] . Calcium may affect cardiometabolic risk factors by regulating energy metabolism via the reduction of lipogenesis and enhancement of lipolysis in adipocyte, increasing both fecal fat excretion and fat oxidation. It has been suggested that calcium, as well as magnesium and potassium, controls BP through multiple mechanisms, such as modulating intracellular calcium concentration, decreasing sodium retention, inhibiting proinflammatory events in vascular smooth muscle cells, reducing platelet aggregation, and decreasing renal vascular resistance [43] and [44] .
Furthermore, the temperate Atlantic climate in the Azores Islands allows milk production, which is heavily based on grazing, almost all year round [45] . It has long been described that the milk fat produced from the pasture is rich in unsaturated fatty acids, including trans-octadecenoic acids and conjugated isomers of linoleic acid [45] and [46] . The conjugated isomers of linoleic acid has been associated with improving dyslipidemia and the proinflammatory state related to obesity and the MetS [47] , [48] and [49] . Emerging scientific findings also indicate that such milk fat components as butyric acid may favor fat oxidation and decrease glycogen use [50] . Moreover, it seems that bioactive peptides derived from milk proteins may act independently of calcium to prevent the development of cardiometabolic risk factors and its components via a wide range of mechanisms that include the satiety response, the regulation of insulinemia levels and BP, the uptake of free radicals, and the alteration of lipid profiles [13] .
It should be noted that the inverse association between milk intake and CMRS may also be attributed to the overall healthier lifestyle associated with higher milk intake. For instance, in our study, a higher proportion of fit adolescents was seen in high total dairy and milk intake groups. These findings are in line with the results of the Healthy Lifestyle in Europe by Nutrition in Adolescence study that found a positive association between CRF and dairy product intake among adolescents [51] .
In addition to possibly exerting beneficial effects on cardiometabolic risk factors, milk is an excellent nutrient source for adolescents, who experience a period characterized by dynamic changes that occur in response to growth and puberty. Several studies have demonstrated that when milk is largely excluded from an adolescent's diet, it is difficult for him to achieve the daily requirements for calcium and other nutrients [52] , [53] and [54] . Hence, consumption of the recommended amounts of milk may help adolescents meet their nutritional requirements and improve their diet quality [55] and [56] . It is important to note that the median amount reported in the appropriate categories of dairy consumption is consistent with current Portuguese recommendations for 2 to 3 servings of dairy products per day as part of a healthy diet [57] .
According to a study with a representative sample of the Portuguese population, milk is consumed in higher proportions (63%) than other dairy products (yogurt and cheese), and the Azorean Islands is a region where the proportion of milk consumption is higher compared with the other Portuguese regions [58] and [59] .
In the present study, adolescents with parents holding higher education levels seemed to present higher intakes of total dairy and milk. According to evidence, it appears that milk and dairy consumption might be a marker of SES, with lower intake seen in lower-SES households [60] , [61] and [62] . It has been postulated that the rise of healthy food consumption seen in higher SES households may be caused by the knowledge and health awareness or the increased pressures exerted to attain social acceptability, which occurs when SES increases [60] . Parental health awareness may help children and adolescents develop strategies for choosing healthy foods at home and in social situations. In addition, previous findings of the same cohort indicated that SES was a positive obesity predictor [63] .
Some limitations of our study should be addressed. First, it should be noted that, as in other cross-sectional studies, conclusions related to cause and effect cannot be drawn. Second, although we did not separate high-and low-fat milk, we controlled for fat intake effects on our data. Moreover, although all types of milk were consumed by adolescents, in our sample, most participants (92.7%) had consumed semiskimmed (84.3%) and skimmed milk (8.4%). In addition, it has been established that milk fat, despite containing saturated fat, has beneficial effects on serum lipids [64] and is not associated with a higher incidence of cardiovascular disease [65] and [66] or cardiometabolic risk factors [43] , [66] and [67] . Finally, with the use of self-reported dietary intake data, one cannot rule out some reporting bias. However, the FFQ has been previously tested [68] and [69] , and the analysis was controlled to prevent the misreporting of energy intake. Another FFQ limitation, as in other self-administered questionnaires, is the reliance on participants' recall and the recruitment of motivated participants [24] and [70] . However, adolescents were given oral instructions and had completed it with the help of the physical education teachers specially trained for the data collection, which may have improved the quality of information.
The strengths of this study include its adjustment for a variety of important confounders such as pubertal stage and dietary variables, as well as the fact that it was conducted with adolescents. This is a population about whom little is known with regard to the associations between dairy intake and the clustering of cardiometabolic risk factors.
In summary, our results do not support the initial hypothesis that higher dairy intake is associated with lower cardiometabolic risk factors clustering in adolescents, given that only milk intake was negatively associated with lower cardiometabolic risk factors clustering in adolescents. Evidence from prospective and randomized clinical investigations is needed to examine the effects of long-term consumption of milk and dairy products on cardiometabolic risk factors. Our findings may also encourage further research on the effects that different types of dairy products have on cardiometabolic risk factors in adolescents.
